Introduction to Npas4
A fleeting moment of experience can leave a memory lasting a lifetime. Conversion of a momentary event into permanently encoded information in the brain starts with groups of neurons that are activated by the transient sensory and behavioral stimulation. It is believed that the changes that subsequently occur in these activated neuronal ensembles, which require de novo protein synthesis, create long-term memory. Thus, acutely triggered activity-dependent gene transcription in specific neuronal ensembles is crucial for recording a fleeting moment of experience.
Neuronal activity-triggered gene transcription, mediated by intracellular free Ca 2+ as the second messenger, occurs within minutes and is spearheaded by a group of IEGs (Box 1) whose expression does not require de novo protein synthesis [1] . Beginning with the IEG-dominated first wave of gene transcription, a global gene transcription cascade is unleashed, resulting in transcription of a second wave of genes that usually requires new protein synthesis and carries out the specific cellular functions of the response, such as synapse modification and memory formation. Notably, many IEGs encode transcription factors and directly regulate transcription of the second wave of effector genes. Not surprisingly, there has been increasing interest in IEGs in the neuroscience field over the past few decades not only because of the key molecular link they provide between experience and subsequent modification of the brain, but also because the robust and near-instantaneous activation of many IEGs provides a means of identifying the neuronal ensembles that presumably encode specific memories.
Many IEGs are rapidly and robustly induced by neuronal activity, including Fos, Arc (Arg3.1), and Zif268 (Egr1), and have been studied for more than two decades [2] [3] [4] . This review focuses on a more recently identified IEG, Npas4 (Box 2). Npas4 possesses several important features, some of which are unique among known IEGs (Figure 1 ). First, unlike most IEGs, Npas4 is only expressed in neurons. Second, Npas4 is unique in that it is activated selectively by neuronal activity, and not by extracellular stimuli such as growth factors and neurotrophins [5, 6] . Third, Npas4 protein appears to directly control the expression of a very large number of activity-dependent genes [5] [6] [7] . Finally,
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Memory formation requires converting experience-induced neuronal activity into long-lasting changes in the brain. This process generally requires activitydependent gene transcription.
A neuron-specific immediate-early gene (IEG), Npas4, is induced only by neuronal activity.
In learning and memory paradigms, Npas4 induction is more tightly associated with manipulations that will result in long-term memory than other wellknown IEGs, making it a unique molecular link for memory formation.
Npas4 is involved in activity-dependent synaptic modulation in both excitatory and inhibitory neurons. It regulates the expression of a large number of activity-regulated genes that mediate diverse effects on synapses.
Npas4 function is required for memory formation in multiple brain regions. It has also been implicated in neural circuit plasticity, although here detailed studies are still lacking. 
